Objective. To investigate educational disparities in the care process and health outcomes among patients with diabetes in the context of South Korea's universal health insurance system.
Introduction
Diabetes mellitus will place an increasingly large burden on health systems around the world [1] . Health systems in developing economies, particularly in the Asia-Pacific region, are expected to face a much greater strain as they are, as yet, poorly prepared to address the challenges of their rapidly aging populations and the obesity epidemic [2, 3] . Despite the overall structure of medical care financing and delivery and public health policies in a country. There are at least three important health system characteristics that can affect diabetes care processes and outcomes. First, health financing as well as the overall capacity and distribution of health facilities can affect patients' financial and geographic access to diabetes care [8 -10] . Second, the extent to which the delivery system as well as the payment system provides coordinated care may strongly influence the quality of diabetes care [11, 12] . Third, health systems can also make a difference to diabetes care by the extent to which health promotion, prevention and other public health efforts are well aligned with medical care services. As many developing countries in Asia are currently reforming health systems to improve access to care, care coordination, and chronic disease prevention and management, understanding the likely effects of such reforms as well as the remaining challenges is important.
The current study aims to examine the quality of diabetes care in the South Korean health system. South Korea has a universal health system: National Health Insurance covers the majority of citizens (96%), while the Medical Aid program covers the poor and other specified groups (4%) [13] . These financing programs, coupled with the rapid increase in health facilities over the past several decades, have improved access to care [14] . Although the overall share of out-of-pocket health spending in total health expenditures still remains high in South Korea compared with most other Organization for Economic Cooperation and Development countries [15] , this high out-of-pocket share is largely driven by catastrophic illnesses involving inpatient care and expensive medical technologies. The unit cost for a physician office visit in the community has been kept low. For example, the average out-of-pocket spending per visit for diabetes was less than four US Dollars in 2008 [16] . This low financial hurdle serves as a precondition for improved access to physician office visits [17] as well as for care continuity among patients with diabetes [18] . The overall quality of diabetes care, however, remains questionable, as evidenced by low rates of screening for diabetes-related complications [19] . Further, despite a substantial increase in the proportion of known cases of diabetes in South Korea over the period 1998 -2005, the overall rates of medical treatment and adequate glucose control remained low (all below 50%) [20] . In fact, diabetes is recognized as one of the priority services for quality assessment at the national level in South Korea [21] . It is in this context that diabetes as a tracer condition allows the examination of weaknesses in the South Korean health system.
One of the major weaknesses of the South Korean health system is the limited effort to ensure the quality of care [15] . This issue has received less policy attention than other financial issues, such as protection against catastrophic out-of-pocket spending for households and sustainability of the National Health Insurance Funds. Although recent years have seen increasing interest in healthcare quality, its scope has been largely limited to improving hospital quality through hospital accreditation and evaluation initiatives. Less attention has been paid to the quality of chronic disease care that is likely to be heavily influenced by health system characteristics.
In this study, we investigate South Korea's health system to examine how health system characteristics interact with individual educational attainment to influence diabetes care processes and outcomes. We hypothesize that, given the suboptimal quality of diabetes care in South Korea's health system, patients with diabetes will strive to compensate for shortcomings of the health system, with varying degrees of success depending on individual characteristics such as human capital and resources. For example, better-educated patients are more likely to be empowered for diabetes selfmanagement and for controlling additional risk factors such as smoking and obesity [22, 23] . They may also be better able to identify healthcare providers that ensure quality care, including monitoring and screening for micro-and macrovascular complications. Given the complex disease management skills required, diabetes is a salient example of how better-educated individuals can be more efficient producers of health (i.e. given the same level of income or insurance status) [24] . Income is an important individual resource that mitigates financial barriers to care. In the context of universal health care, an income effect may or may not exist for diabetes care services depending on their out-of-pocket cost.
Guided by this conceptual framework, we use populationlevel data from South Korea to test four interrelated hypotheses (Table 1) . First, we hypothesize that higher education is associated with a greater likelihood of receiving medical treatment for diabetes and recommended services, such as a dilated eye examination and a microalbuminuria test. Second, we hypothesize that better-educated individuals will be more likely to report better diabetes-specific outcomes as well as general health outcomes than their less-educated counterparts, through a better management of diabetes as well as comorbid conditions. Third, we hypothesize that for process measures, any income effect if it exists at all, will be only modest, because diabetes-related outpatient care services are not prohibitively expensive in South Korea's universal insurance system. Finally, we hypothesize that, although the association between income and indicators of process quality may be weak, higher income is still associated with better health outcomes among patients with diabetes through multiple pathways other than the diabetes care process.
Despite the large body of existing literature documenting socioeconomic inequalities in diabetes care [25] , published studies from South Korea have focused only on the overall trends in the diabetes care process and intermediate outcome measures [20] . By examining educational inequalities in quality of diabetes care in South Korea's health system, this study is expected to complement existing studies on 
Methods
The data for this study came from the 2005 Korea National Health and Nutrition Examination Survey (KNHANES). A nationally representative sample chosen in a multistage clustered sampling frame, the KNHANES has detailed information on health status, health behaviors and healthcare use. We did not use data from the KNHANES in two previous years (1998 and 2001) because many of our key dependent variables were not available in those years. We restricted our sample to respondents aged 40 or older who self-reported prior diagnosis with diabetes (n ¼ 1418) from the full sample of 34 152. This sample restriction was done to focus on midlife and older population groups as well as to account for the vast differences in educational attainment between younger and older generations in South Korea.
For care process measures, we used the following survey questions included in the diabetes part of the KNHANES: 'Are you receiving any medical treatment to control your blood sugar (insulin injection or oral hypoglycemic drug)', 'Have you ever received education on diabetes management at any medical institution or public health center (excluding physician consultation)?', 'Did you receive a dilated eye (fundoscopic) examination to check for eye complications due to diabetes in the past year?', 'Did you receive a urine (microalbuminuria) test to check for renal complications due to diabetes in the past year?' All the parentheses above are from the original questionnaire. We also generated three health status variables from the KNHANES questionnaire. We defined the variable Activity limitation due to diabetes (¼1, otherwise 0) if the respondent checked 'Diabetes' in the given list of 19 disease conditions in response to the question 'What is the reason for your activity limitation?' For this question, multiple responses were allowed in the survey. We also constructed the variable poor self-rated health (¼1, otherwise 0) if the respondent answered either 'poor' or 'very poor' to the question 'How would you describe your overall health? (very good, good, fair, poor and very poor)'. Our final dependent variable was a continuous measure of selfrated health given on a visual analog scale (VAS) ranging from 0 (worst imaginable) to 100 (best imaginable). Our key explanatory variables of interest were a set of dummy variables for educational level [no formal, elementary school, middle school, high school and college or more (omitted)].
We began by examining mean values of the care process and health outcome variables by education level within age groups (since the influence of education may differ by age). We then estimated seven regression models to examine whether the educational disparities persist even after controlling for other potential covariates. These covariates included quintiles of equivalized household income with the equivalence scale of 0. Insurance, Medical Aid Class 1 and Medical Aid Class 2 (higher average co-payment than Class 1)], voluntary private health insurance, age group, gender, marital status and residence area. We estimated logistic regression models, except for the continuous dependent variable of VAS self-rated health (0 -100), for which a linear regression model was employed. All our statistical analyses accounted for the complex survey design. All statistical significance statements were at the 5% level (two-sided) based on analysis in Stata 11.0 (College Station, TX).
Results
Although 76% of patients with diabetes received medical treatment for diabetes, the three care process indicators suggest that patients with diabetes may not receive quality care (Table 2 ). Only a quarter of patients have ever received diabetes education. Approximately 40 and 50% of patients with diabetes have received dilated eye examinations and microalbuminuria tests, respectively, in the past year. About 17% of patients with diabetes aged 40 or older reported an activity limitation due to diabetes and almost 60% reported that their overall health was poor or very poor. The average VAS score for self-rated health was 61, compared with 70 in individuals without diabetes for the same age group in the 2005 KNHANES data. Table 3 presents mean values of the care process and health outcome variables by education level within age groups. Rates of medical treatment do not show large differences by education level. However, the three care process measures show consistent gradients by education level: patients with lower educational attainment are considerably less likely to receive diabetes education, dilated eye examinations and microalbuminuria tests, compared to bettereducated patients. Less-educated patients also appear to experience poorer overall health status and higher rates of activity limitation due to diabetes.
Results from regression analyses show that education level is independently associated with all the care process measures examined even after controlling for income and other covariates (Table 4) , although odds ratios on lower education levels in the model of medical treatment do not reach statistical significance at the 5% level. Lower education levels are associated with lower likelihood of having received diabetes education, a dilated eye examination, and a microalbuminuria Lower education level among patients with diabetes also appears to be associated with higher probability of suffering one or more activity limitations due to diabetes and of reporting poor health, as well as with lower scores for selfreported health (Table 5) . As with the models of care process measures shown in Table 4 , the estimates exhibit consistent gradients by education level. Furthermore, variables on lower income levels now show statistically significant associations with poorer health status.
Discussion
Among our population-based sample of patients with diabetes in South Korea, lower education level is associated with poorer process quality and poorer health outcomes. In contrast, income does not exhibit clear associations with the likelihood of receiving medical treatment and Fewer observations were used due to five observations with missing values for the dependent variable. *P , 0.05, **P , 0.01.
screening services for diabetes complications, although income level is associated with health outcomes. These results on the relationship between individual socioeconomic characteristics and diabetes care quality, especially the different patterns of association between education and income, can be explained in part by South Korea's health system characteristics. Since its full implementation in 1989, South Korea's national health insurance has improved access to medical care [14] , lowering financial barriers to physician visits. Our data indicate that the majority (76%) of patients with diabetes receives medical treatment for diabetes and that income does not explain the variation in the likelihood of receiving medical treatment. Further, our results indicate that neither income nor education is statistically significant in explaining the likelihood that a patient with diabetes receives medical treatment. One possible explanation is that, once a relatively high standard of care access is achieved at the health system level, individual socioeconomic characteristics, such as education or income, are less likely to play an important role than when overall access remains poor.
However, enhanced access does not translate into universally high quality of care. Our results show that diabetes care process measures have great room for improvement. For example, only 39% of South Korean patients had received a dilated eye examination in the last year; even a decade ago in the USA (a system far from exemplary in terms of access to care), 63.3% of Americans with diabetes had a dilated eye examination in the previous year, according to 1988 -1995 US NHANES data [26] .
Given the education gradient in the measures of process quality we examined, the education gradient in health outcomes among patients with diabetes is not surprising, since poorer care processes can contribute to poorer health outcomes [25] . Low income also appears to be a risk factor for poor health outcomes. Several explanations are possible for the statistically significant association between income and health outcomes (but not care processes). First, our measures of process quality do not capture the full financial burden on patients with diabetes. Financial accessibility may still matter in maintaining good process quality given the complexity of continuous diabetes care. Second, lowerincome patients are more likely to have poor health behaviors aggravating the outcomes of diabetes care, such as smoking, physical inactivity and poor diet. Third, lowerincome patients are more likely to have multiple comorbidities and disabilities in addition to diabetes, thus leading to poorer overall health status. The existence of an educational gradient for diabetes care processes and health outcomes in South Korea is not surprising. Indeed, our findings are consistent with studies in the USA and UK identifying a causal relationship between education and health [27] and an educational gradient in selfmanagement of chronic disease [28, 29] . Although not surprising, our finding of strong educational gradients in diabetes care quality does suggest the need for policies to address weaknesses in South Korea's health system. Crucial components of system quality improvement efforts include strengthening primary care and prioritizing health promotion. Complementary policies could include targeting public resources on strengthening the quality of providers who serve less advantaged citizens and reducing adherence barriers for vulnerable patients with diabetes. Given that improving diabetes care processes alone may not eliminate the educational gap in health outcomes, greater attention should be paid to public health as a core component of the health system. This study has several limitations. First, all the dependent variables are self-reported and therefore prone to measurement error [23] and systematic bias, such as differential awareness and recall as well as reporting heterogeneity for self-reported health [30] . For example, less-educated patients are less likely to recall even if they received those services. Second, our care process and health outcome measures are from population-level survey data, precluding more detailed evaluations of the clinical quality of diabetes care. In particular, the variable of receiving any medical treatment for diabetes is only a crude measure of the complex process of diabetes care. Further research is required to provide a fuller picture of diabetes care quality. Third, our results are based on cross-sectional analysis, and the results for health outcomes therefore represent correlations, not necessarily causal relationships. In particular, some of our explanatory variables, especially income variables in the models of health outcomes, are potentially endogenous and prone to reverse causality [25] . Finally, our study focused on those who reported prior diagnosis with diabetes; however, underdiagnosis and awareness of diabetes is another potentially important area to be investigated in future research.
Despite these limitations, this study contributes to our understanding of how socioeconomic disparities in diabetes care quality relate to health system characteristics. Although South Korea's universal health insurance system has succeeded in substantially reducing financial barriers related to diabetes care, care processes and outcome measures among patients with diabetes still exhibit strong educational disparities. This study points to the need for system-level efforts to improve management of diabetes and other chronic diseases that are increasingly prevalent in South Korea's rapidly aging population.
